Introduction
Nerve root pain caused by disc herniation has been suggested to be based on both chemical and mechanical factors [6, 12, 15, 19] . The chemical influence has been linked to the leakage of substances from inner part of the disc, the nucleus pulposus (NP), after rupture of the annulus fibrosus [15, 17] . Experimentally, the NP can induce an inflammatory-like reaction in and around the nerve root with increased vascular permeability, myelin changes, attraction of leukocytes and intravascular coagulation [3, 13, 17, 28] . Inflammatory mediators such as cytokines, phospholipase A 2 and nitric oxide have been suggested to be important in the pathophysiology of NP-induced nerve root injury [2, 12, 16, 18] . Increased levels of total protein and nerve injury markers have been detected in cerebrospinal fluid (CSF) in patients with disc herniation [1, Abstract Proinflammatory cytokines have been identified in herniated intervertebral discs in humans, and such cytokines have experimentally been demonstrated to be important in the pathophysiological mechanisms of disc herniation. Cerebrospinal fluid (CSF) and serum concentrations of interleukin (IL)-1β, IL-6, IL-8, interferon (IFN)-γ and tumour necrosis factor (TNF)-α were investigated using the enzyme-linked immunosorbent assay (ELISA) technique in 39 patients with lumbar disc herniation and sciatica. Pain duration and pain intensity (visual analogue scale, VAS) were recorded at inclusion, and a clinical examination was performed evaluating neurological findings. The extent of disc herniation (protrusion or extrusion/sequestration) was evaluated perioperatively. Normal concentrations of IL-1β, IL-6, IFN-γ and TNF-α were present in CSF and serum in almost all patients with lumbar disc herniation. The concentrations of IL-8 in CSF were increased in 12 out of 39 patients, and these increased levels of IL-8 correlated to a short duration of pain and to more pronounced herniation (extrusion or sequestration). No relationship between IL-8 concentrations in CSF and pain intensity, positive neurological findings or a positive straight leg-raising (SLR) test was found. The observation of increased concentrations of IL-8 in CSF in patients with a short duration of symptoms supports the concept of the initial involvement of inflammatory mechanisms after a disc herniation. The finding that most of the patients with increased concentrations of IL-8 in CSF had an extrusion or a sequestration may suggest that the increase in IL-8 is related to mechanical nerve root compression, but may also indicate a biochemical effect exerted by the herniated disc on the surrounding tissue. Further studies on the potential role of IL-8 as a biomarker for disc herniation are warranted. 23, 24] . Such observations have created a platform for searching for other biomarkers for disc herniation in CSF. It would be even more useful to define useful biomarkers in serum, since samples are easier to obtain from serum than from CSF.
The aim of the present study was to assess whether proinflammatory cytokines could be detected in CSF and serum in patients with lumbar disc herniation and related to clinical findings.
Materials and methods
A total of 39 patients (26 men and 13 women; mean age, 39± 10 years; range, 25-64 years) undergoing discectomy were included in the study. The patients had experienced sciatic pain (mean duration, 196±233 days; range, 5-1080 days) and had disc herniation verified by computed tomography (CT) or magnetic resonance imaging (MRI). All patients filled in a questionnaire including pain duration and pain intensity according to a visual analogue scale (VAS). Neurological findings (sensory and motor deficits and reflex dysfunction) and the straight leg-raising test (SLR) were evaluated by clinical examination. The extent of disc herniation (protrusion or extrusion/sequestration) was evaluated perioperatively. CSF was obtained by a lumbar puncture two levels cranial to the planned surgical level. Both serum and CSF samples were collected just prior to surgery, centrifuged for 15 minutes at 4000 rpm and frozen at -80°C until analysis. Concentrations of interleukin (IL)-1β, IL-6, IL-8, interferon (IFN)-γ and tumour necrosis factor (TNF)-α in CSF and serum were determined using the enzyme-linked immunosorbent assay (ELISA) methodology in the 39 disc herniation patients (see below). The study was approved by the Local Human Research Ethics Committee, and informed consent was obtained from all the participating patients.
Cytokine concentrations in cerebrospinal fluid and serum
The concentrations of the five cytokines IL-1β, IL-6, IL-8, IFN-γ and TNF-α in CSF and serum were determined using commercial ELISA kits (EH2-IL1B, EH2-IL6, EH2-IL8, EH2-IFN-γ and EH2-TNFA Endogen, Woburn, MA, USA). In short, 50 µl of the serum and CSF samples (concentrated and diluted 1:10 in standard diluent containing 0.01% thimerosal) was added to each well in the pre-coated microtitre plates. Seven standardized samples and one blank were run with each series of patient samples. All samples and standard solutions were analysed in duplicate. Fifty microlitres of biotin-labelled antibody was added, and the plates were incubated for 2 h at room temperature and then washed. Streptravidin-horseradish peroxidase (HRP) solution was added to the wells (100 µl/well), and the plates were incubated for 30 min at room temperature. After washing, bound antibodies were visualized by adding a substrate solution, tetrametylbenzidine dihydrochloride (TMB). The reaction was stopped after 30 min with stop solution provided with the kit. The optical density was measured in an integrated EIA management system (Labsystems) within 30 min at two wavelengths (450 and 550 nm) to minimize optical imperfections. The data were analysed using the Genesis software program for microplate-based assays. All samples were quantitated using the standard curve for each analysed cytokine. The detection limits were 1 pg/ml for IL-1β and IL-6, 2 pg/ml) for IL-8 and IFN-γ and 5 pg/ml for TNF-α). According to the manufacturer, the intra-and interobserver variation is less than 10%. The normal levels of cytokines in serum and CSF referred to in the results section are the reference values used by the local clinical immunological laboratory in clinical routine analyses. These values are set at 2 standard deviations (SD) above the mean concentration in healthy individuals. To ensure similar standard curves in our analyses and the clinical routine laboratory analyses, a random selection of the samples was reanalysed in the clinical laboratory; the variations were less than 10%.
Statistical analyses
Distributions of the variables are given as means±SD and ranges. Fisher's exact test was used to compare proportions (dichotomous variables) between groups, and the Mann-Whitney test was used to compare continuous variables between groups. The Spearman rank correlation coefficient (r s ) was used for correlation analysis. All significance tests were conducted at the 5% significance level.
Results
The distribution of the cytokine concentrations in CSF and serum is shown in Table 1 . The concentrations of TNF-α, IFN-γ and IL-1β were normal in both serum and CSF for all examined patients. The concentration of IL-6 was normal in CSF and in serum in all but one patient, who had a threefold increase (31 pg/ml) in CSF but a normal concentration in serum. IL-8 concentrations in CSF were normal (<60 pg/ml) in 27 out of 39 subjects, slightly increased (60-100 pg/ml) in 9 out of 39 patients and moderately increased (200-312 pg/ml) in 3 patients. In serum, the levels of IL-8 were 68 pg/ml in one sample and less than 15 pg/ml in the rest. The patient with the highest con- All samples below or at the detection limit of 2 pg/ml TNF-a <4 <4 All samples below the detection limit of 5 pg/ml All samples below the detection limit of 5 pg/ml centrations of IL-6 and IL-8 in CSF was the only patient with cauda equina compression syndrome; this patient also had the shortest duration of radiating pain (only 5 days). The distribution of VAS, neurological findings, SLR test, duration of pain and extent of the herniation between the groups of patients with increased and normal concentrations of IL-8 in CSF are shown in Table 2 . No relationship was found between the concentration of IL-8 and pain intensity (VAS), neurological findings or the SLR test, but the concentrations of IL-8 showed a significant correlation with radiating pain duration (r s =-0.48, P=0.003; Fig. 1) , and sequestration or extrusion was more commonly found in the group with an increased concentration of IL-8 (P=0.017).
Discussion
The present study demonstrated that the concentrations of IL-1β, IL-6, IFN-γ and TNF-α in CSF and serum were normal in patients with lumbar disc herniation at the time of surgery, while IL-8 concentrations in CSF were elevated in 12 out of 39 patients; it was also shown that these elevated IL-8 concentrations showed a positive correlation with short duration of sciatic pain and a more pronounced herniation (extrusion/sequestration versus protrusion).
Cytokines are important mediators in acute (TNF-α, IL-1β, IL-6 and IL-8) and chronic (TNF-α and IL-1) inflammation [5] . Proinflammatory substances, including cytokines such as interleukins and TNF-α, are thought to be involved in the effects on the nerve roots in disc herniation [9, 10, 11, 18, 20] . Different cell types present at the site of a disc herniation, such as endothelial cells, fibroblasts and chondrocytes, have been demonstrated to express IL-6, TNF-α, IL-1α and IL-1β by immunohistochemistry [25] . Inflammatory cells such as macrophages and mast cells, cells that are known to be cytokine active, have also been shown to be present in herniated disc tissue [7, 8] .
In patients with lumbar disc herniation, the permeability of the blood-nerve barrier in nerve roots may be increased, leading to extravasation of serum proteins, as demonstrated by elevated levels of protein in CSF [23, 24] . In addition, nerve tissue injury markers such as neurofilament and S-100 have been found to be increased in CSF in patients with disc herniation and sciatica [1] , indicating that substances released at the site of a limited nerve root injury could be detected in the CSF. Other substances, such as cytokines, which are proposed to be involved in the pathophysiological mechanisms of disc herniation and sciatica, are therefore interesting to investigate and might be used as diagnostic and/or prognostic markers. Thus TNF-α and IL-6 have been demonstrated to be increased in CSF and serum in patients with acute and chronic diseases of the central nervous system such as Guillan-Barré syndrome, neuropathies, multiple sclerosis and stroke and can be related to the severity of the disease [4, 14, 21, 22, 26] . IL-8 is a proinflammatory cytokine capable of attracting neutrophils as mediators of acute inflammation. Other cytokines such as IL-1β and TNF-α can stimulate cells to secrete IL-8. The increased levels of IL-8 in CSF in patients with short duration of sciatic pain in the present study indicate an early inflammatory response, which most likely decreases after a couple of months, whereafter there are no signs of elevated IL-8 (or other cytokines). The concentrations of IL-8 in CSF found in our study (mean, 57±65 pg/ml) are comparable to the concentrations in CSF and serum from healthy subjects and stroke patients in a study by Tarkowski and coworkers [27] . The mean IL-8 concentration in CSF in the control subjects was 25 pg/ml; the stroke patients showed a mean of 85 pg/ml at day 2 after onset, which decreased thereafter. The findings of a relatively acute inflammatory response in CSF after disc herniation supports previous experimental studies [3, 16] , and the low concentrations measured in serum indicate that this is a local response and not a systemic inflammatory reaction. No evidence for increased concentrations of TNF-α, IL-1β or IL-6 was found in serum or CSF. This indicates that the potential involvement of these substances in disc herniation may be related to a local process that does not result in elevated levels in the CSF and serum. Alternatively, if these cytokines are involved at the onset of sciatica, the samples may have been collected too late to demonstrate any changes, as they were obtained at least 4 weeks after the onset of sciatica symptoms in all but one of the patients. Thus the absence or low levels of four of the investigated cytokines in serum and CSF do not necessarily contradict their potential role in disc herniation. However, it may be concluded that these cytokines do not seem to be of value as diagnostic markers for patients with long-standing sciatic pain symptoms. The relationship between the extent of herniation and the IL-8 concentration might indicate that mechanical factors may cause the increase of IL-8 in CSF. On the other hand, this result might also indicate that there may be a biochemical effect induced by the NP, since substances from the inner part of the disc (NP) might reach the surrounding tissue to a greater extent if the herniation is not covered with annulus fibrosus and ligament tissue.
A limitation of the present study is that no control group was included. This was because of the difficulties of obtaining CSF from healthy controls by lumbar puncture. The normal concentration of various proinflammatory substances in CSF and serum are documented and used for clinical routine investigations of neurological and infectious conditions involving the nervous system. The finding of increased concentrations compared with reference intervals used at the local clinical laboratory is therefore highly interesting, even without comparison with a control group.
Conclusion
The present study demonstrated an increase of CSF concentrations of IL-8 in disc herniation patients with short duration of radiating nerve root pain, supporting the hypothesis that inflammation is involved in sciatic pain and disc herniation. Further investigations on patients with short duration of symptoms regarding the potential role of IL-8 as a biomarker for disc herniation are warranted.
